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In the title compound, C13H13N5OS H2O, the thiourea mol- 
ecules closely resemble each other and are approximately 
planar; the dihedral angles formed between the terminal 
benzene rings are 7.88 (8) and 7.20 (8)°, respectively. The 
observed planarity correlates with the presence of bifurcated 
N— H- ■ ■(0,N) hydrogen bonds. In the crystal, the molecules 
are connected into supramolecular double chains via a 
combination of N— H- ■ -S (linking the two independent 
molecules), O— H- ■ O and O— H- ■ N (linking dimeric 
aggregates into a supramolecular chain via hydroxy-water, 
water-water and water-pyrazine interactions) and O— H- ■ -S 
hydrogen bonds (connecting two chains). The chains are 
further connected by C— H- ■ N and C— H- ■ S interactions. 

Related literature 

For biological activity of thiourea derivatives, see: Venka- 
tachalam et al. (2004). For related structures, see: Gunase- 
karan et al. (2010); Dzulkifli et al. (2011). For additional 
geometric analysis, see: Spek (2009). 




Experimental 

Crystal data 

C13H13N5OSH2O 
M, = 305.36 
Triclinic, PI 
a = 7.9808 (5) A 
b = 11.7557 (8) A 
c = 16.4160 (11) A 
a = 99.638 (1)° 
= 94.128 (1)° 

Data collection 

Bruker SMART APEX 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Slieldrick, 1996) 
r„i„ = 0.656, r„„, = 0.746 

Refinement 

R[F^ > 2a(F^)] = 0.035 

wR(F^) = 0.110 

5 = 1.04 

6505 reflections 

411 parameters 

12 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 109.200 (1)° 
V = 1420.54 (16) a' 
Z = 4 

Mo Ka radiation 
fi = 0.24 mm"' 
r = 100 K 

0.18 X 0.14 X 0.11 mm 



18244 measured reflections 
6505 independent reflections 
5267 reflections with / > 2cr(/) 
R,„, = 0.031 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Apmax = 0.39 e A-' 

APmin = -0.30 e A"' 



D-H-A 


D-H 


H---A 


D---A 


D-H- - A 


Nl-Hln-Ol 


0.88 (1) 


2.11 (2) 


2.5720 (15) 


112 (1) 


Nl-Hln---N3 


0.88 (1) 


2.04 (2) 


2.5435 (18) 


116 (1) 


N6-H6n-02 


0.87 (1) 


2.11 (2) 


2.5676 (15) 


112 (1) 


N6-H6n---N8 


0.87 (1) 


2.02 (2) 


2.5358 (17) 


117 (1) 


Ol-Hlo-Olw 


0.83 (1) 


1.86 (1) 


2.6820 (15) 


170 (2) 


02-H20- ■ ■02w' 


0.83 (1) 


1.83 (1) 


2.6481 (16) 


169 (2) 


Olw-Hlw- ■ Ng" 


0.84 (1) 


1.96 (1) 


2.7958 (17) 


169 (2) 


01w-H2w- ■ ■S2"' 


0.83 (2) 


2.82 (2) 


3.4648 (13) 


136 (2) 


02w-H3w- ■ -m 


0.84 (1) 


2.02 (1) 


2.8547 (17) 


171 (2) 


02w-H4w- ■ Olw 


0.85 (2) 


2.00 (2) 


2.8357 (18) 


169 (2) 


N2-H2n---S2" 


0.87 (1) 


2.67 (1) 


3.4802 (12) 


156 (1) 


N7-H7n---Sl'' 


0.87 (1) 


2.58 (1) 


3.4508 (12) 


176 (2) 


C16-H16- ■ -NS" 


0.95 


2.58 


3.517 (2) 


172 


C22-H22a- ■ ■SI'' 


0.98 


2.79 


3.4454 (16) 


125 


Symmetry codes: (i 


x,y,z — 1; (ii) 


X, V, z + 1; 


(iii) -x + l,-vH 


-2,-z + 1; (iv) 


j; — 1, y — 1, z; (v) x -i 


- 1, v-f 1, z; (vi) 


-X + 2, -y H 


-2, -z. 





.H20 



Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT 
(Bruker, 2008); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997), DIAMOND (Brandenburg, 2006) and 
Qmol (Gans & Shalloway, 2001); software used to prepare material 
for publication: publCIF (Westrip, 2010). 

We thank to University Kebangsaan Malaysia, the Inter- 
national Islamic University Malaysia and the Ministry of 
Higher Education, Malaysia, for supporting this research 
through grant GUP-NBT-08-27-112. The authors also thank 
the University of Malaya for support of the crystallographic 
facihty and acknowledge an UMRG grant (RG125/10AFR). 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: HG5012). 
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3-(2-Hydroxyphenyl)-l-{(£')-[l-(pyraziii-2-yl)ethylidene]amino} thiourea monohydrate 
E, Normaya, Y, Farina, S, N. A. Halim and E. R, T, Tiekink 

Comment 

Thiourea derivatives have biological potential (Venkatachalam et al. , 2004) and attract continuing structural studies (Gun- 
asekaran et al, 2010; Dzulkifli et al, 2011). 

The title compound (I), Fig. 1 , features two independent thiourea derivatives and two water molecules of crystallization in 
the asymmetric unit. As seen from the overlay diagram, Fig. 2, there are small differences between the independent thiourea 
molecules. These relate to the relative orientations of the terminal benzene rings; the r.m.s. deviation of bond distances = 
0.0032 A (Spek, 2009). The similarity between the molecules is seen in the dihedral angle formed between the rings = 7.88 
(8) ° for the SI -containing molecule and 7.20 (8) ° for the other. The planarity of each molecule is readily explained in terms 
of bifurcated intramolecular N — H - OjA' hydrogen bonds, Table 1. 

The most prominent feature of the crystal packing is the formation of supramolecular double chains along [111]. The two 
molecules comprising the asymmetric unit are connected via an eight-membered {■■■HNC=S}2 synthon and the resulting 
dimeric aggregates are connected by two molecules of water via a sequence of O — H-0 hydrogen bonds. Thus, the hydroxyl 
group of one molecule is connected to a water molecule which hydrogen bonds to the second water molecule which in 
turn links the second hydroxyl group. Hydrogen bonds between the water molecules and pyrazine-N atoms close two fused 
16-membered {■■■HOH - NC3N2CNC20H - 0} synthons. This arrangement is stabilized by the intramolecular interactions 
outlined above. The result is a supramolecular chain. Fig. 3. Pairs of chains are linked via water-O — H-S hydrogen bonds 
leading to a double chain. Fig. 4. The chains are consolidated in the crystal packing by C — H --N and C — H- -S interactions. 
Table 1 and Fig. 5. 

Experimental 

The reaction of 2-acetylpyrazine with methyl hydrazinecarbodithioate (II) formed (ir)-methyl-2-(l-(pyrazin-2- 
yl)ethylidene)hydrazinecarbodithioate (III). The condensation reaction of (III) with 2-phenolamine produced the title 
compound, (I), Le. (i?)-A'-(2-hydroxyphenyl)-2-(l-(pyrazin-2- yl)ethyhdene)hydrazinecarbothioamide (yield:73.3%, M.pt. 
469—471 K). 

Slow recrystallization of its butanol solution afforded yellow crystals of (I). Elemental anal, (calc): C, 51.80 (51.13); 
H, 4.91 (4.95), N, 24.10 (22.94) %. FT— IR (Vmax; cm"^): (O— H) 3459, (N— H) 3209, (C\b C) 3016, (CH3) 2925, (C=N) 
1609, (C-C aromatic) 1555, (C— N) 1366, (pyrazyl) 1162, (N — N) 1121 and (C=S) 1023. 

Refinement 

Carbon-bound H-atoms were placed in calculated positions (C — H 0.95 to 0.98 A) and were included in the refinement in 
the riding model approximation, with C/iso(H) set to 1 .2 to 1 .5 (7equiv(C). The water-H and amine-H atoms were refined with 
the distance restraints O— H = 0.84±0.01 A and N-H = 0.88±0.01 A, and with J7iso(H) ^jJ/equivCparent atom); y = 1.5 for 



sup-1 



supplementary materials 



O, and 1.2 for N. In addition, each pair of water-H atoms were constrained to be separated by 1.39±0.02 A. Owing to poor 
agreement, the reflections (3 7 13) and (3 6 14) were omitted from the final refinement. 



Figures 





1 "i . 




Fig. 1. The molecular structures of the components defining the asymmetric unit of (1) show- 
ing the atom-labelling scheme and displacement ellipsoids at the 70% probability level. 



Fig. 2. Overlay diagram showing the superimposition of the S 1 -containing molecule (red) 
with the S2-containing molecule (blue). 



Fig. 3. Supramolecular chain in (1) mediated by O — H - 0 (orange), O — H - N (blue) and 
N — H - S (purple) hydrogen bonding shown as dashed lines. 

Fig. 4. Supramolecular double chain in (1) whereby the chain in Fig. 3 is connected via 
O — H - S hydrogen bonds shown as green dashed lines. 



Fig. 5. View in projection down the a axis of the crystal packing for (1). The C — H - N and 
C — H - S contacts are shown as pink dashed lines. 



3-(2-Hydroxyphenyl)-1 -{(f)-[1 -(pyrazin-2-yl)ethylidene]amino}thiourea monohydrate 



Crystal data 




C13H13N5OSH2O 


Z = 4 


M,-= 305.36 


P(000) = 640 


Triclinic, PI 


Dx= 1.428 Mgm"^ 


Hall symbol: -P 1 


Mo Ka radiation, X = 0.71073 A 


a = 7.9808 (5) A 


Cell parameters from 6288 reflections 


6 = 11.7557 (8) A 


6 = 2.5-30.6° 


c= 16.4160 (11) A 


|i = 0.24 mm"' 


a = 99.638(1)° 


T= 100 K 


13 = 94.128 (1)° 


Block, yellow 


y= 109.200 (1)° 


0.18 X 0.14 X 0.11 mm 


V= 1420.54(16) A^ 





Data collection 



Broker SMART APEX 
diflxactometer 

Radiation source: fine-focus sealed tube 
graphite 



6505 independent reflections 

5267 reflections with/> 2a{I) 
i?i„t = 0.031 
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(a scans 

Absorption correction: multi-scan z, = _i n i n 
(X4Z)^55'; Sheldrick, 1996) 

rmi„ = 0.656, r„ax = 0.746 A: = -15^15 

1 8244 measured reflections / = -2 1 ->2 1 



Refinement 

Refinement on 
Least-squares matrix: fiiU 

/?[i^>2a(F^)] = 0.035 

wRiF^) = o.no 

5'= 1.04 

6505 reflections 
411 parameters 
12 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: diflference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 



w = y[c\Fo^) + (0.0586P)^ - 
where P = (Fo^ + 2FcV3 
(A/a)max = 0.001 

Ap„ax = 0.39eA-3 
Apmin = -0.30eA-3 



0.4197P] 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted /{-factor wR and goodness of fit S are based on , conventional 

/{-factors R are based on F, with F set to zero for negative F^. The threshold expression of > 2a(F^) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, /{-factors based on F^ are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


U- *IU 


SI 


-0.09788 (5) 


0.17115(3) 


0.34884 (2) 


0.02054(11) 


01 


0.19179(14) 


0.50524 (9) 


0.62276 (6) 


0.0191 (2) 


HIO 


0.223 (2) 


0.5485 (15) 


0.6707 (7) 


0.029* 


Nl 


0.06763 (16) 


0.35848 (11) 


0.48035 (7) 


0.0160 (3) 


HIN 


0.1553 (18) 


0.4298 (10) 


0.4942 (10) 


0.019* 


N2 


0.17706(16) 


0.37485 (11) 


0.35765 (7) 


0.0155 (3) 


H2N 


0.176 (2) 


0.3458 (15) 


0.3051 (6) 


0.019* 


N3 


0.30025 (16) 


0.48289 (11) 


0.40124 (7) 


0.0151 (2) 


N4 


0.63006(17) 


0.80104(11) 


0.55376 (8) 


0.0187 (3) 


N5 


0.65300(16) 


0.74828 (11) 


0.38282 (8) 


0.0173 (3) 


CI 


0.04480 (19) 


0.40506 (13) 


0.62335 (9) 


0.0157 (3) 


C2 


-0.0340 (2) 


0.38248 (14) 


0.69423 (9) 


0.0193 (3) 
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H22B 


0.6137 


0.9122 


0.2512 


0.032* 


H22C 


0.4185 


0.9141 


0.2233 


0.032* 


C23 


0.45390(19) 


0.80368 (13) 


0.07433 (9) 


0.0158 (3) 


C24 


0.4564 (2) 


0.77884 (14) 


-0.01203 (9) 


0.0200 (3) 
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tiZH 




0.8397 


-0.0367 




U.UZ4 








0.58978 (14) -0.02229 (10) 


U.UzJo {5 ) 




tiZD 


U.l /U/ 


0.5126 


-0.0547 




U.Uzy* 








0.61369(14) 0.06273(10) 


U.Uzz / {j) 




rlZD 


U. Id /4 


0.5520 


0.0872 




U.UZ / 




OIW 


0.29296(15) 


0.66684(11 


0.76876 (7) 


0.0240 (3) 




HIW 


0.320 (3) 


0.6634 (19) 


0.8187 (7) 


0.036* 




H2W 


0.209 (2) 


0.6932 (18) 


0.7662 (11) 


0.036* 




02W 


0.62751 (16) 


0.80846(11 


0.72836 (7) 


0.0264 (3) 




H4W 


0.5218(15) 


0.7672 (16) 


0.7342(11) 


0.040* 




H3W 


0.634 (3) 


0.8147 (19) 


0.6783 (7) 


0.040* 




Atomic displacement parameters (A^) 
















^33 




^13 


Tr23 

u 


SI 


0.0241 (2) 


0.01728 (19) 


0.01090 (18) 


-0.00349 (15) 0.00142 (14) 


U.UUUlo (Li ) 


01 


0.0207 (5) 


0.0182 (5) 


0.0111 (5) 


-0.0003 (4) 


0.0027 (4) 


— U.UUZ4 (4j 


Nl 


0.0165 (6) 


0.0149 (6) 


0.0117(6) 


-0.0001 (5) 


0.0033 (5) 


A AAm 

U.UUUj P ) 


N2 


0.0180 (6) 


0.0140 (6) 


0.0091 (5) 


-0.0001 (5) 


0.0020 (5) 


A AAA/: 


N3 


0.0156 (6) 


0.0141 (6) 


0.0125 (6) 


0.0027 (5) 


0.0002 (5) 


A AAAA /C\ 

yj.WW (j ) 


N4 


0.0196 (6) 


0.0176 (6) 


0.0157 (6) 


0.0040 (5) 


-0.0003 (5) 


A AAAQ t'^\ 


N5 


0.0162 (6) 


0.0180(6) 


0.0154 (6) 


0.0026 (5) 


0.0029 (5) 


A AATQ 

U.UU3S p ) 


CI 


0.0171 (7) 


0.0164(7) 


0.0136 (7) 


0.0060 (5) 


0.0022 (5) 


A AAOC 


C2 


0.0243 (8) 


0.0221 (7) 


0.0125 (7) 


0.0089 (6) 


0.0043 (6) 


A AA11 ^/^\ 


C3 


0.0241 (8) 


0.0241 (8) 


0.0159 (7) 


0.0106 (6) 


0.0090 (6) 


U.UU / J (D ) 


C4 


0.0191 (7) 


0.0189 (7) 


0.0211 (7) 


0.0054 (6) 


0.0078 (6) 


A AA^/1 

U.UU04 yo) 


C5 


0.0181 (7) 


0.0181 (7) 


0.0144 (7) 


0.0050 (6) 


0.0022 (5) 


A AAA/: {/:\ 


C6 


0.0175 (7) 


0.0168 (7) 


0.0113 (6) 


0.0070 (6) 


0.0043 (5) 


A AAII fZ\ 


C7 


0.0161 (7) 


0.0162 (7) 


0.0127 (7) 


0.0047 (5) 


0.0012(5) 


A AAT^ ^Z\ 

\j.\mZj \p ) 


C8 


0.0165 (7) 


0.0154 (7) 


0.0113 (6) 


0.0049 (5) 


0.0013 (5) 


A AA 1 A /"CN 


C9 


0.0213 (7) 


0.0202 (7) 


0.0112 (7) 


0.0034 (6) 


0.0034 (6) 


A AA 1 n rf:\ 


CIO 


0.0138 (7) 


0.0158(7) 


0.0140 (7) 


0.0048 (5) 


0.0017 (5) 




Cll 


0.0189 (7) 


0.0157(7) 


0.0133 (7) 


0.0035 (6) 


0.0007 (5) 


A AATT 


C12 


0.0202 (7) 


0.0152 (7) 


0.0200 (7) 


0.0015 (6) 


0.0000 (6) 


A AA 1 A /'/:\ 


C13 


0.0192 (7) 


0.0184(7) 


0.0211 (8) 


0.0008 (6) 


0.0017 (6) 


A AA/1/: //rx 
U.UU40 (p) 


S2 


0.0241 (2) 


0.01506 (18) 


0.01128 (18) 


-0.00166(14) 0.00061 (14) 


A AAA^ ^ /"I IX 

U.UUUjj [ij) 


02 


0.0234 (6) 


0.0209 (5) 


0.0113(5) 


0.0005 (4) 


0.0013 (4) 


A AA ^ 
— U.UUlO (4) 


N6 


0.0174(6) 


0.0131 (6) 


0.0116(6) 


-0.0005 (5) 


0.0031 (5) 


A AAA1 


N7 


0.0198 (6) 


0.0135 (6) 


0.0093 (5) 


0.0010 (5) 


0.0018(5) 


A AAAQ 
— U.UUU3 (5) 


N8 


0.0170 (6) 


0.0118(6) 


0.0135 (6) 


0.0026 (5) 


0.0008 (5) 


A AAA/1 ^A\ 
U.UUU4 (4J 


N9 


0.0229 (7) 


0.0214(7) 


0.0180 (6) 


0.0018(5) 


0.0023 (5) 


A AATT 

— U.UUzz (J) 


NIO 


0.0179 (6) 


0.0185(6) 


0.0187 (6) 


0.0013 (5) 


0.0022 (5) 


U.UUD / (J) 


C14 


0.0183 (7) 


0.0169 (7) 


0.0150 (7) 


0.0073 (6) 


0.0030 (5) 


A AA'>n //:\ 

0.0029 (6) 


C15 


0.0251 (8) 


0.0255 (8) 


0.0117(7) 


0.0116(6) 


0.0033 (6) 


0.0032 (6) 


C16 


0.0264 (8) 


0.0259 (8) 


0.0181 (7) 


0.0138 (7) 


0.0106 (6) 


0.0097 (6) 


C17 


0.0223 (8) 


0.0212 (7) 


0.0225 (8) 


0.0076 (6) 


0.0088 (6) 


0.0079 (6) 


C18 


0.0196 (7) 


0.0189 (7) 


0.0167 (7) 


0.0057 (6) 


0.0052 (6) 


0.0034 (6) 


C19 


0.0187 (7) 


0.0182(7) 


0.0110(6) 


0.0079 (6) 


0.0037 (5) 


0.0035 (5) 
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U.Ul 35 ( /J 


A A 1 /I 
U.U14D (0 ) 


A A 1 1 /I 

U.U114 (oj 


A AA/1 

U.UU4Z (5 ) 


A AA 1 ^ 

U.UU15 (5 ) 


A AAT 1 
U.UUZl (5 ) 


1 


A A 1 ni fn\ 
U.Ui li (i) 


A A1 /^n fn\ 
U.UlD / (/) 


A A 1 n fn\ 
U.Ulz / (1) 


U.UU54 (0) 


A AA 1 A \ 
U.UUiy (j j 


A AATO 

u.uu/y p ) 




A Aon /'Q^ 


A AT 1 "7 

U.U/1 / (oj 


A A1 "J^ 


A AA 11 /"/^^ 


A AA/1 A ^/^\ 

U.UU44 (0 ) 


A AAA! /"/^^ 


C23 


A A1 CA /'^\ 

0.0150 (7) 


A A1 /TA 

0.01 60 (7) 


A Al C5 /'^\ 

0.0153 (7) 


A AA/IA 

0.0040 (5) 


A AA1 O 

0.0018 (5) 


A AAOT 

0.0027 (5) 


C24 


0.0202 (7) 


0.0194 (7) 


0.0154 (7) 


0.0015 (6) 


0.0021 (6) 


0.0006 (6) 


C25 


0.0215(8) 


0.0166(7) 


0.0264 (8) 


0.0008 (6) 


0.0015 (6) 


-0.0016(6) 


C26 


0.0194 (7) 


0.0188 (7) 


0.0248 (8) 


-0.0001 (6) 


0.0017 (6) 


0.0055 (6) 


OIW 


0.0261 (6) 


0.0278 (6) 


0.0161 (5) 


0.0115(5) 


-0.0008 (5) 


-0.0039 (5) 


02W 


0.0304 (6) 


0.0284 (6) 


0.0128 (5) 


0.0032 (5) 


0.0014 (5) 


-0.0014 (5) 



Geometric parameters (A, °) 



SI — C7 


1.6797 (14) 


02 — ^H20 


0.832 (9) 


01— CI 


1.3638 (17) 


N6 — C20 


1.3347 (17) 


01 — HIO 


0.834 (9) 


N6 — C19 


1.4094(18) 


Nl — C7 


1.3370(18) 


N6 — ^H6N 


0.871 (9) 


Nl — C6 


1.4087 (18) 


N7 — ^N8 


1.3671 (16) 


Nl — HIN 


0.878 (9) 


]S[7_C20 


1.3782 (18) 


N2 — N3 


1.3656 (16) 


N7 — H7N 


0.874 (9) 


N2 — C7 


1.3727 (18) 


N8 — C21 


1.2830 (18) 


N2 — H2N 


0.872 (9) 


N9 — C24 


1.3294 (19) 


N3 — C8 


1.2837 (18) 


N9 — C25 


1.342 (2) 


N4 — Cll 


1.3289 (18) 


NIO — C26 


1.3379 (19) 


N4 — CI 2 


1.3471 (19) 


NIO — C23 


1.3403 (18) 


]S[5_C10 


1.3372 (18) 


C14— C15 


1.386 (2) 


N5 — C13 


1.3425 (19) 


C14 — C19 


1.4122 (19) 


CI — C2 


1.385 (2) 


C15 — C16 


1.392 (2) 


CI — C6 


1.4078 (19) 


C15 — H15 


0.9500 


C2 — C3 


1.389 (2) 


C16 — C17 


1.387 (2) 


C2 — H2 


0.9500 


C16 — H16 


0.9500 


C3— C4 


1.387 (2) 


C17— C18 


1.392 (2) 


C3— H3 


0.9500 


C17— H17 


0.9500 


C4— C5 


1.394(2) 


C18— C19 


1.389(2) 


C4— H4 


0.9500 


C18— H18 


0.9500 


C5— C6 


1.391 (2) 


C21— C23 


1.4844 (19) 


C5— H5 


0.9500 


C21— C22 


1.4972(19) 


C8— CIO 


1.4854 (19) 


C22— H22A 


0.9800 


C8— C9 


1.5000 (19) 


C22— H22B 


0.9800 


C9— H9A 


0.9800 


C22— H22C 


0.9800 


C9— H9B 


0.9800 


C23— C24 


1.402(2) 


C9— H9C 


0.9800 


C24— H24 


0.9500 


CIO— Cll 


1.4061 (19) 


C25— C26 


1.380 (2) 


Cll— HI 1 


0.9500 


C25— H25 


0.9500 


C12— C13 


1.383 (2) 


C26— H26 


0.9500 


C12— H12 


0.9500 


OIW— HIW 


0.845 (9) 


C13— H13 


0.9500 


OIW— H2W 


0.829 (9) 


S2— C20 


1.6799 (14) 


02W— H4W 


0.845 (9) 


02— C14 


1.3562 (18) 


02W— H3W 


0.842 (9) 


CI— 01— HIO 


109.1 (13) 


C20— N6— C19 


133.48 (12) 
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f^n "\Ti f^c 


111 1 A /I 0\ 

133.34 (12) 


C/ — JN 1 — ^rilJN 


1 1 T A /I 1 \ 

1 lz.4 (1 1) 


Co — JN 1 — ^rilJN 


1 1 /I O /I 1 \ 

114.Z (llj 


XT'! XTO r^n 
JNi — JNz — C / 


11 /.yi (1 IJ 


JNo — JNZ — hlZJN 


1Z3. / (11) 


— JNZ — ^rlzJN 


1 lo.4 (11) 


r^Q xT-j XTO 

Co — JNi — ^JNz 


IzU.iO (1.^) 


Cil — ^JN4 — L/iz 


llo.jj (13 ) 


ClU — JN J — CI J 


1 1d.4o (13) 


(Jl — CI — CZ 


1Z3.JJ (13) 


cw i^i i^/; 
Ul — CI — Co 


11/: OQ /"I 0^ 

1 lo.zy (iz) 


CZ — CI — Co 


ITA 1/; /IIA 

IZU.lo (13) 


CI — Cz — C3 


1 OA A"? /' ^ A\ 

IZU.U / (14) 


/^T TUT 

CI — Cz — HZ 


1 OA A 


/^"i /^o XJ1 
Ci — Cz — xlZ 


1 OA A 


/^"i i^'i 
C4 — CJ — Cz 


1 1 A niz /I A\ 

1 ly.yo (14) 


r^A r^i xj'5 
C4 — CJ — Mi 


1 OA A 


/^O /^"i XJ'5 

Cz — Ci — Mi 


1 OA A 


r^i r^A r^z 
Ci — C4 — CD 


1 OA 1 /I /1\ 

IzU.ol (14) 


i^*} r^A XJA 

Co — C4 — ri4 


1 1 A O 

uy. / 


i^yl XJyl 

Cj — C4 — xl4 


1 1 o o 

1 ly. / 


C^t^ C^A 

Co — Cj — C4 


liy.oi (13 ) 


/^/i xj^ 
Co — Cj — rij 


1 OA 0 

IzU.z 


i~^A f~^Z uz 

C4 — Cj — rlj 


1 OA O 

IZU.Z 


r^c 

C J — Co — C 1 


1 1 A C/i /I 1\ 

uy.jo (13) 


/^c r*^ti XT1 
C J — Co — JN 1 


1 OO AC /I 

Iz /.Uj (13) 


c^£. Ml 
CI — Co — JN 1 


111 1 A /I 0\ 

1 13.3y (IZ) 


"\Ti r^n 

JN 1 — C / — JNZ 


111 /I A / 1 0\ 

1 13.4U (IZ) 


JN 1 — C / — o 1 


lO"? A A /11\ 

Iz /.44 (11) 


JNz — C / — k>l 


1 1 A 1 C /I tW 

iiy.i J (lu) 


ATI /^O 1 A 

JNJ — Co — ClU 


11/1 A/1 i"i o\ 

1 14.U4 (Iz) 


XT'! i^O 

jnj — Co — cy 


10/i i'1'5\ 

Izo.jj (13) 


ClU — Co — cy 


1 1 A "iO /I o\ 

liy.3/ (Iz) 


r^o r^c\ xjA A 

Co — cy — MyA 


1 AA C 

luy.j 


r^<3 c^c\ lino 

Co — cy — hiyB 


1 AA C 

luy.j 


xjo A r^c\ on D 

xiyA — cy — ^riyri 


1 AO Z 

luy.j 


Co — cy — xiyc 


1 AA C 

luy.j 


riyA — cy — ^riyc 


1 AO C 

luy.j 


HyB — cy — Hyc 


1 AA C 

luy.j 


N5 — CIO — Cll 


1 o 1 f\n / 1 1 \ 

121.07 (13; 


iN D — C 1 U — Co 


1 1 T 1 1 /"I o^ 
11 /.Ij (,1-^J 


Cll — L,1U — L,5 


121 ./ / (13) 


JN'I Cll — ClU 


loo 1/1 /ITA 

122.14 (li) 


"IVT A /"'ll TT11 

N4 — Cll — Hll 


118.9 


CIO— Cll— HI 1 


118.9 


N4— C12— C13 


121.38(14) 


N4— C12— H12 


119.3 


C13— C12— H12 


119.3 


N5— C13— C12 


122.38 (14) 



C2U — No — HoiN 


111 A/11\ 

1 1 i.y (11) 


/"'in "\T/; LJ^"\T 

Ciy — iNO — ^HoiN 


11/1 /;/ii\ 

1 14.0 (11) 


MO /^O A 

JNo — ^JN / — C2U 


I 1 T iCO /I 1 \ 

II /.OZ (11) 


JNs — iN / — ti/!S 


Izj. / (11) 


C2U — JN / — H /JN 


11T O /IIX 

11/. 2 (11) 


Czl — JNS — JN / 


1 OA AO / 1 0\ 

12U.U2 (12) 


C24 — JNy — C2j 


11/: AO /I 
110.48 (Li ) 


C2o — JNIU — C2j 


1 1 /c 'yn /I '3^ 
llo.j/ (13) 


U2 — C 1 4 — C 1 J 


10/101 /'1'5\ 

124.21 (13) 


(J2 — C14 — ciy 


11c A/C /I 0\ 

lo.yo (12) 


/^1C /^1/l /^1A 

CID — C14 — Ciy 


1 1 A on /I /1\ 

liy.o3 (14) 


/^i/i /^ic /^i/; 
C14 — CI J — ClO 


1 OA 11/1 A\ 

12U.1 1 (14) 


/^1/1 /^1^ uic 

C14 — CI J — HIS 


1 1 A A 

iiy.y 


/^i/; /^ic U1C 
Clo — CO — HO 


1 1 A A 

uy.y 


^^^^ /^liC /^ic 
CI / — Clo — CO 


1 1 A OO /I A\ 

iiy.o2 (14) 


/^1T /^i/; Ul/; 
C 1 / — C 1 0 — H 1 0 


1 OA 1 

12U.1 


/^1C /^l/; TUI /; 

CO — Clo — HlO 


1 OA 1 

12U.1 


/^liC /^n ^^^o 
Clo — CI / — CIS 


1 OA AO /I C\ 

12U.y2 (Id) 


CIO — CI / — Ml / 


1 1 Q C 

iiy.j 


/^10 1 T UIT 

C 1 5 — C 1 / — H 1 / 


1 1 A C 

1 ly.j 


^'^c\ r^Tn 

Ciy — CIS — CI / 


110/11 i"\ A\ 

iiy.4i (14) 


Ciy — Clo — Mio 


1 OA 1 

12U.3 


/^n o XJ1 o 
CI / — Clo — Mlo 


1 OA "5 

120.3 


CIS — Ciy — JNo 


1 o/: /:c /I o\ 
12o.o5 (13) 


CIS — Ciy — C14 


1 1 Q Q1 /'I "JA 

iiy.yi (13) 


MiC /^1 A /^1 /I 

JNo — Ciy — C14 


1 1 "I A A /I 0\ 

1 13.44 (12) 


M/; r^ir\ XT'? 
JNo — C2U — JN / 


111 11 /I o\ 

113.11 (12) 


JN 0 — C2U — a2 


loo 1/1 /11\ 

126.34 (11) 


JN / — C2U — Ib2 


1 1 O CO /I A\ 

116.52 (ID) 


JN 0 — C2 1 — C2i 


1 1 "2 OO /I 0\ 

113.8/ (12) 


"\TO /^O 1 /^OO 

JNs — C21 — C22 


loo AA / 1 '1\ 

12 /.uy (13) 


/^OT /^0 1 /^OO 

Cz J — Cz 1 — Czz 


1 1 A AO /I 0\ 

liy.U3 (12) 


Cz 1 — Czz — Hzz A 


1 AA C 


Cz 1 — Czz — tillU 


1 AA C 


UOO A /^OO UOOD 

hl22A — C22 — tiZZD 


1 AA C 


/^0 1 /^oo uoo/^ 
Cz 1 — Czz — MZZC 


1 AO C 


xlzzA — Czz — rLZzC 


1 AA C 


tillU — Czz — rLzzC 


1 AA C 


JN lU — C2j — C24 


101 OA/10\ 

121.2U (13) 


MIA /^OQ /^0 1 

JN 1 1) — C2 j — C2 1 


11/; A/1 /I o\ 

iio.y4 (12) 


/^0/1 /^Ti /^01 

Cz4 — Cz3 — Cz 1 


101 0/C/1'2\ 

121.80 (13) 


MA /^o/i r^oi 
JNy — C24 — C2j 


1 O 1 AC /I A\ 

121 .yS (14) 


MA /^0/1 LJO/1 

JNy — C24 — irl24 


1 1 A A 

iiy.u 


C23— C24— H24 


119.0 


N9— C25— C26 


121.75(14) 


N9— C25— H25 


119.1 


C26— C25— H25 


119.1 


NIO— C26— C25 


122.24 (14) 


NIO— C26— H26 


118.9 
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N5 — C13 — HI 3 


118.8 


C25 — C26 — H26 


118.9 


C12 — C13 — ^H13 


118.8 


HIW — OIW — ^H2W 


109.0 (16) 


C14 — 02 — H20 


111.0 (14) 


H4W — 02W — ^H3W 


110.5 (16) 


r^n xTi r^o 


1 nc\ o A ex 'i\ 
1 /y.o4 (lij 


/^OA MT XTO 1 

CzO — JN / — JN 0 — Cz 1 


1 nc\ 1 A /I 

—1 /y.iy (13) 


r^i r^o /^i 
Ul — L,l — L,Z — C3 


1 ncx 1 '1 /I 
— 1 /y.lz (iij 


C)2 — C 1 4 — C 1 5 — C 1 0 


1 m Ai / 1 /i\ 

—1 /y.y3 (14) 


Co — C 1 — Cz — C3 


0.9 (2) 


C19 — C14 — C15 — ClO 


-0.3 (2) 


/""I /""/I 
C 1 — Cz — C3 — C4 


-0.1 (2) 


C14 — C15 — Clo — CI / 


U.o (z) 


/^O /"^"I 

Cz — Cj — C4 — CD 


A iC 

— U.o (z) 


CID — Clo — CI / — Clo 


A 1 

-0.1 (2) 


C3 — C'l C5 — Co 


0.4 (2) 


/"^i/; /"^iT /"^io /^in 

Clo — CI / — CIS — ciy 


—U.O (z ) 


f^A f^Z /"'I 

C4 CD — Co — C i 


A /I /">\ 

0.4 (2) 


CI / — Clo — ciy — JNO 


1 ^A AI /I /l\ 

1 ly.yl (14) 


r^A r^c Ml 
C4 — CD — Co — ^JN 1 


1 TA CI /I /1\ 


/^n /^lo /"^1A A 
C 1 / — C 1 0 — C ly — C 14 


A O 

U.O (z) 


c\\ c^fi r^c 
U i — L. i — CO — CD 


1 OC /"I "2^ 


CzO — JNO — Ciy — Clo 


5.0 (3) 


/"'I /"'z; /"'c 
Cz — CI — Co — CD 


1 1 /">\ 

-1.1 (2) 


C20 — JN 0 — C 1 y — C 1 4 


— 1 /D.o4 (O) 


cw r^^ r^i^ "\Ti 
Ul — CI — CO — JN 1 


A /'I 0\ 

— U.Zj (loj 


/^o r^iQ r^iQ 
Uz — C14 — Ciy — Clo 


1 /y.ZJ (13) 


r^i c^fi Ml 
Cz — C 1 — Co — ^iN 1 


i /y. /U \ V5 ) 


^^^z r^iA r^io r^iQ 
CID — C14 — Ciy — Clo 


-0.4 (2) 


Ml c^t^ 
C / — iN 1 — Co — CD 


-2.7 (3) 


Uz — C14 — Ciy — JNO 


U.Uj (lo) 


f^n "\Ti f^i^ 

C / — IN 1 — Co — C 1 


1 /0.41 (1!)) 


z {^^^ A /"^in ~Kj£i 
C15 — C14 — Ciy — JNo 


— 1 /y.ol (13) 


f^i^ Ml f^n MT 

Co — iN 1 — C / — iNz 


— 1 /y.l4 (14) 


1 n M/; /^TA MT 

ciy — JNo — C20 — JN / 


1 /o.oz (14) 


r^a Ml r^n ci 
Co — JN 1 — C / — 5> 1 


0.5 (2) 


C 1 y — JN 0 — CzO — S>Z 


-1.4 (2) 


Ml XT") r^n XT1 
IN j — JNz — C / — JN 1 


1 1 A /"I A\ 

1.3U (IV) 


"\TO MT /^">A M/; 

JNo — JN / — CzU — JNo 


A A/1 /I 0\ 

U.U4 (lo) 


Ml M"> f^n C 1 

JN 3 — JN z — C / — a 1 


1 "7 0 1 O /I A\ 

— 1 /o.is (lU) 


MO MT /^OA O 

JNo — JN / — CzU — az 


1 "70 / I A\ 

1 /o.z3 ( lU) 


MT MQ /""O 1 A 

JN z — JN 3 — Co — C 1 U 


i 1 1 .11 (Iz) 


M"7 MO 1 /^T2 

JN / — JNo — C21 — C23 


—1 /o.oo (Iz) 


XTO Ml /~^Q /"^Q 

JNz — JN3 — Co — Cy 


— U.o (zj 


'Kjn MQ r^oi r^oo 
JN / — JNo — Czl — Czz 


o.y (2) 


CI 3 — JND — ClU — Cll 


A A /">\ 

-0.9 (2) 


C2o — JN 1 0 — C23 — C24 


0.7 (2) 


CI 3 — JN D — C 1 U — Co 


1 / /.I J (13) 


r^'^C MIA /"^TJ /"^oi 

CzO — JN 1 0 — Cz3 — Cz 1 


1 TO 1 T /I '2\ 

—1 /o.l / (13) 


JNi — Co — ClU — ^JND 


1 /I /I /■ 1 1 \ 

—1 /Z.44 (13) 


MO 1 /^T5 MIA 

JN 0 — C2 1 — C2i — JN 1 0 


1 TA C3 /I 

1 /U.D3 (13) 


cy — Co — C 1 U — JN D 


5.0 (2) 


r^oo r^oi XT1A 
Czz — Czl — Cz3 — JN 10 


-y.i (2) 


JN 3 — Cs — C 1 U — C 1 1 


5.6 (2) 


JNo — C21 — C23 — C24 


-8.3 (2) 


cy — Co — c 1 u — c 1 1 


— 1 /0.3 / (13) 


f^"<"l /^Tl /^T3 /^T/l 

Czz — C2 1 — Cz3 — C24 


1 1 '1 /I /1\ 

1 11. il (14) 


Clz — N4 — Cll — CIO 


0.2 (2) 


C25 — Ny — C24 — C23 


A "5 /"ON 

-0.3 (2) 


N5— CIO— Cll— N4 


0.4 (2) 


NIO— C23— C24— N9 


-0.1 (2) 


C8— CIO— Cll— N4 


-177.57 (13) 


C21— C23— C24— N9 


178.71 (14) 


Cll— N4— C12— C13 


-0.3 (2) 


C24— N9— C25— C26 


0.0 (2) 


CIO— N5— C13— C12 


0.9 (2) 


C23— NIO— C26— C25 


-0.9 (2) 


N4— C12— CIS— N5 


-0.2 (2) 


N9— C25— C26— NIO 


0.6(3) 



Hydrogen-bond geometry (A, °) 



D—n-A 


D—n 


H-^ 


D--A 


D—n-A 


Nl— Hln-01 


0.878 (13) 


2.107(16) 


2.5720(15) 


112.3 (12) 


Nl— Hln-N3 


0.878 (13) 


2.038(15) 


2.5435(18) 


115.5(13) 


N6— H6n-02 


0.871 (12) 


2.112 (16) 


2.5676 (15) 


111.9 (12) 


N6— H6n-N8 


0.871 (12) 


2.023 (15) 


2.5358 (17) 


116.7 (13) 


Ol— Hlo-Olw 


0.833 (12) 


1.857(13) 


2.6820(15) 


170.3 (16) 


02— H2o-02w' 


0.833 (13) 


1.826 (14) 


2.6481 (16) 


168.9 (17) 


Olw— H1W-N9" 


0.844 (13) 


1.962 (12) 


2.7958 (17) 


169 (2) 


Olw— H2W-S2'" 


0.827(18) 


2.822 (18) 


3.4648 (13) 


136.0 (16) 


02w— H3W-N4 


0.841 (13) 


2.021 (12) 


2.8547 (17) 


171 (2) 
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02w— H4w-01w 0.845 (15) 2.001 (16) 2.8357 (18) 169.1 (16) 

N2— H2n-S2" 0.871 (10) 2.667 (10) 3.4802 (12) 155.9 (14) 

N7— H7n-Sl^ 0.874(10) 2.579(10) 3.4508 (12) 175.6 (15) 

C16— H16-N5" 0.95 2.58 3.517 (2) 172 

C22— H22a-Sr 0.98 2.79 3.4454(16) 125 

Symmetry codes: (i) x, y, z-1; (ii) x, y, z+1; (iii) -jc+1, -y^2, -z+1; (iv) Ji^l, y-\, z; (v) x^\,y+\, z; (vi) -x+2, -z. 
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